Abstract-As the wireless Internet services become widely available, users become able to use various Internet services without restriction in location. In particular, the demands on wireless Internet services are becoming greater, because mobile devices that support high mobility are getting smarter. However, if a user uses various wireless networks, much limitation occurs in network setting when they move a network different each other. This is because there are few appropriate Handover Mechanisms to support a Heterogeneous Network. We propose a Fast-Handover for Heterogeneous Networks that utilizes MIH in PMIPv6 to support heterogeneous networks and to reduce the handover latency time. The result presented shows that suggestion has reduced latency time of 26% and packet losses of 90% (Avg.)
INTRODUCTION
The rapid development of Internet made it an essential component of every aspect of human existence beyond the simple practical use in personal life. In particular, the limitation of using Internet is getting less than before, because of the sustained development in wireless Internet technologies, such as, IEEE 802.11 WLAN and IEEE 802.16 WiMax and others. However, such technologies still have some limitations that cannot provide with seamless network service when the node moves in a heterogeneous network. And that come to demand other technologies that could let it move freely in a heterogeneous network and use the wireless Internet services continuously.
As a result, IEEE 802.21 MIH (Media Independent Handover) was proposed to offer the Internet services that could support handover in heterogeneous networks [1] . Therefore, users can be supported when they make the movement in various networks, such as, Cellular, WLAN, and WiMax. And users can access wireless Internet services without being aware of what kind of network is in use and where they are. Using MIH, users who are on a 3G network can move onto WLAN that is cheaper than 3G networks when they get in WLAN network area without being aware of the moment the handover actually occurs. However, when the nodes perform handover procedure between networks with different technologies, there would be data packet losses and out of sequence data packets as it occurs in Mobile IPv4, IPv6 [2, 3] . This is attributed to the difference between protocols in use and various access methods.
Also when many networks are linked, processing the signals generated by the handover becomes more complex. To overcome the problems, Fast-handover MIPv6 and Hierarchical MIPv6 were proposed but they still have limitation in mobility management because they are Host-based mobility protocol [4, 5] .
So, we propose the Fast-Handover Mechanism for Heterogeneous Networks which is based on MIH in a networkbased mobility protocol Proxy MIPv6. Our objective is to reduce the handover latency time and data loss during handover. .
II. RELATED WORKS

IEEE 802.21 MIH
The standard provides information to allow handing over to and from cellular, GSM(Global System for Mobile communication), GPRS(General Packet Radio Service), WiFi, Bluetooth, IEEE 802.11 and IEEE 802.16 networks through different handover mechanisms. And IEEE 802.21 helps with Handover Initiation and Preparation, but handover execution is outside scope of IEEE 802.21. Moreover MIH Does not define any new Mobility management Protocols. Figure 1 shows the structure and functions of MIH.
MIHF (MIH Function) that is the function of MIH is defined along the following classifications.
• MIES (Media Independent Event Service): Events originate within the link layer and destine to MIH Function within the local stack, or remote stack at the other end of the link, or both.
• MICS (Media Independent Command Service): To carry the upper layer decisions to the lower layers, and thus MICS controls the behavior of lower layers.
• MIIS (Media Independent Information Service): MIIS can help with network discovery and selection leading to more effective handover decision. Initiates handovers and sends a list of suggested networks and suggested PoA (AP/BS).
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This allows the client to query for resources on new network and also allows preparing the new network for handover.
Proxy MIPv6
Standardization of PMIPv6 is under progress in IETF Netlmm (Network-based Localized Mobility Management) WG. The PMIPv6 architecture consists of LMA (Localized Mobility Anchors) and MAG (Mobile Access Gateways). LMAs within the backbone network maintain a collection of routes for individual mobile nodes within the localized mobility management domain.
The routes point to the MAGs managing the links on which the mobile nodes currently are located. Packets for a mobile node are routed to and from the mobile node through tunnels between the LMA and MAG. When a mobile node moves from one link to another, the MAG sends a route update to the LMA [7] .
PMIPv6 is possible to support mobility for IPv6 nodes without host involvement by extending Mobile IPv6 signaling messages between a network node and a home agent. This approach to supporting mobility does not require the mobile node to be involved in the exchange of signaling messages between itself and the home agent.
Because of the use and extension of Mobile IPv6 signaling and home agent functionality, a proxy mobility agent in the network performs the signaling with the home agent and does the mobility management on behalf of the mobile node attached to the network [8] . Figure 2 shows the basic components of PMIPv6. Figure 3 shows the Handover procedure of PMIPv6 that is similar to the access procedure of a mobile node on a PMIPv6 network. 
III. DESIGN OF PROPOSED FAST-HANDOVER MECHANISM
Scenario of Suggestion
We suggest that Fast-Handover mechanism that is applied with MIH in PMIPv6 for mobile nodes that make handover between heterogeneous networks to reduce latency time in process of handover. And we also consider how to support seamless data packet forwarding without loss of packets and reduce out of sequence data packets during the handover procedure. Figure 4 shows suggestion scenario that we suggest. The suggestion scenario that is focused on local mobility with PMIPv6 figures that consists of IEEE 802.16 WiMax and IEEE 802.11 WLAN network. We consider that handover occurs while mobile nodes move between heterogeneous networks and network environment is based on PMIPv6 that consists of different MAGs from each other. In this scenario, mobile nodes move from P-MAG that is based on IEEE 802.16 WiMax network to IEEE 802.11 WLAN network.
Suggestion mechanism uses Beacon Messages that are coming from APs (Access Points) placed around the network and have own APs' device information for handover. And that messages that are captured before handover would be used as the information to establish handover in future.
Procedure of Suggestion Mechanism
The suggestion mechanism to support handover that occurs between WLAN and WiMax, Figure 5 shows the procedure of suggestion mechanism that we suggest as above scenario.
A mobile node attached to a IEEE 802.16 WiMax network triggers LINK_GOING_DOWN event when receiving sensitivity of connection that are broadcasting from current attached AP is going down below the critical level. And the mobile node takes steps to prepare handover. Before the handover, mobile node captures a selected beacon message of N-APs (Based on IEEE 802.11 WLAN) whose signal is stronger than any other. Because the AP with the strongest could be the highest probability target for next handover.
Then mobile node sends MAC and profile information of the N-AP with Target_BS_ID field that is defined in MOB_HO_IND message in IEEE 802.16 WiMax to P-AP. And P-AP that have received MOB_HO_IND (MAC: N-AP) sends MOB_HO_IND (MAC: N-AP) to P-MAG.
Next, P-MAG sends MIH_Handover_Initiate message (with MAC and profile information of mobile node that was attached to P-MAG) of MIH Command messages to LMA. And then LMA starts buffering data packets that are heading to mobile node until the end of binding update procedure between LMA and N-MAG.
Concurrently, LMA sends MIH_Handover_ Prepare message with MAC and profile information of the mobile node that is going to handover to N-MAG. Then LMA performs proxy binding update process with N-MAG immediately. This proxy binding update procedure is equal to general proxy binding update in RFC 5213.
After the binding update, LMA flushes buffered data packets to N-MAG and N-MAG buffers those packets until the end of attachment of the mobile node. Then N-MAG sends buffered data packets to the mobile node when the L2 handover completed between N-MAG and the mobile node.
IV. ANALYSIS OF PROPOSED MECHANISM
To analyze performance of proposed mechanism, fluid flow model was applied in this paper. So, we compare existing handover procedure of PMIPv6 with our suggestion on handover latency time and loss of data packets.
Modeling Structure
We suppose a hexagonal model as Figure 6 and the N(R); number of all cells, is came from equation 2.1 [9] . The cell boundary crossing rate R C (equation 2.2) where R C is the cell crossing rate (mobiles/s); ρ is the mobile density (mobiles/m 2 ); v is the moving velocity (m/s); and L is the cell perimeter (m) [9] .
Mobile devices move across a boundary in two directions. For evaluation purposes, however, only one direction needs to be considered. The paging area boundary crossing rate Rd is 
Evaluation of Proposed Mechanism
We compare existing handover procedure of PMIPv6 with suggestion handover mechanism in this paper. And we consider total handover latency time that is started at L2 handover starting time. Then, registration that mobile node is registered to N-MAG is the end of the handover procedure. So, we compare on latency time in each handover; handover of PMIPv6, suggestion handover mechanism.
We also consider that mobile node, MAG, LMA, HA, and CN have been set MIH stack. And we do not consider latency time to handover control messages that are too tiny to calculate and processing time in each node that has a part in the handover. Following are the parameters that are defined to calculate numerical analysis of performance. 
Analysis of Proposed Mechanism
The result of equation is as shown in figures below. Figure  7 shows the result of formula 2.6 in handover of original PMIPv6 and suggestion with parameters [10, 11] . Figure 7 shows that the comparison between handover of PMIPv6 and suggestion. It figures that suggestion has reduced 26% of the latency time at the maximum in comparison with original PMIPv6 handover.
In particular, we could reduce the steps of handover procedure by using MOB_HO_IND that includes MAC information of mobile node and sending it before the handover in suggestion. So, we could shorten the steps of authentication to AAA server that generates request and response messages in PMIPv6 handover procedure. Moreover, we could reduce the loss packets of 90% (Avg.) at the maximum in comparison with original PMIPv6 handover during the handover because of the reduced latency time in Figure 9 . During the handover, there are whole loss packets in PMIPv6 but we could save the data packets with buffering in LMA and N-MAG that starts buffering process when the MIH_Handover_Initiate message has been received. 
V. CONCLUSION
In this paper, we have introduced Fast-Handover mechanism for heterogeneous network handover with IEEE 802.21 MIH in PMIPv6. We could reduce the handover latency time between IEEE 802.11 WLAN and 802.16 WiMax networks.
The suggestion mechanism supports the fast-handover with LINK_GOING_DOWN and MIH_ Handover_ Initiate message of MIH and beacon messages that are utilized for handover in future by getting neighbor APs' information of MAC. Therefore, proxy binding update procedure could be established between LMA and N-MAG before the physical attachment (L2 handover) of mobile node to N-MAG and data packets also could be buffered in LMA and N-MAG to prevent packet losses.
Analysis result presented in this paper shows that by carefully selecting suitable system configuration model and parameters, suggestion has reduced latency time of 26% and packet losses of 90% (Avg.) at the maximum in comparison with original PMIPv6 handover.
